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Delayed ettringite formation (DEF) occurs in precast concrete elements and mass 
concrete structures where curing temperature and/or high heat of hydration delays the 
formation of ettringite; which instead forms at the later stage of hydration. The late 
crystallisation of ettringite may cause localised cracks, as it occurs within the confined 
spaces of the hardened concrete matrix. The presence of such cracks may reduce the 
service life of the structure. Previous research indicates that curing concrete above 70°C, 
cement sulphate, alkali, and aluminate content as vital factors contributing to deleterious 
DEF. However, linking deterioration of concrete with a mere presence of DEF needs 
further investigation.  
In this research, two Australian general-purpose cements with different alumina contents 
have been used to prepare a matrix of cementitious systems with varying sulphate and 
alkali levels. The effect of different heat curing regimes on these cementitious systems 
had been investigated. Mortar prisms length and mass changes had been recorded for 600 
days. Various characterisation techniques such as X-ray diffraction (XRD), 
thermogravimetric analysis (TGA), Fourier transform infrared spectroscopy (FTIR), pore 
solution analysis, scanning electron microscopy (SEM) image and elemental analysis 
were used to understand the phase development of hydration products, microstructure and 
ettringite deposition location. Electrochemical impedance spectroscopy (EIS) had been 
used to study implications of heat curing in microstructure and its relevance to DEF. 
For systems using the as received GP cements, with no elevation of the sulphate and alkali 
contents, no expansion was observed in heat-cured mortars, although DEF was noted in 
TGA and XRD analysis of parallel cured cement pastes. Similar results were obtained for 
the sulphate or alkali modified cements. Significant expansion and mass gain, however, 
v 
 
was observed in cementitious systems containing 4% SO3 and 1% Na2Oeq when cured at 
80-90°C for 8-12 hours. The XRD analysis of the parallel cured cement pastes reveal that 
the quantity of DEF was higher in expanding mortars than the non-expansive ones. 
Further, localised DEF was observed in the microstructure in the interfacial transition 
zone (ITZ). The resistivity for expanding mortars was observed to be significantly lower 
than the non-expanding mortars, indicating microstructural changes associated with the 
precipitation of DEF resulting in increased number conduction pathways.  
The efficacy of fly ash (FA) in mitigating DEF was also tested by incorporating 25% FA 
in the mortar mixes which gave maximum expansion; mortars containing 4% SO3 and 
1% Na2Oeq. Results demonstrated that FA was effective in mitigating expansive DEF.  
The outcomes of this investigation suggest that precast concretes manufactured using 
Australian GP cements cured below 80°C are unlikely to be subject to DEF. Concrete 
mixes that contain GP cements and FA are even less likely to be subject to expansive 
DEF.   
vi 
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